Choline acetyltransferase (CATase; acetylCoA:choline Oacetyltransferase, EC 2.3
min. The purified enzyme separated into two bands (band A and band B) when electrophoresed in a pH 4 .3 gradient gel. Both bands exhibited CATase activity. Antisera were prepared in rabbits to each form. Immunotitrations using either antisera resulted in quantitative precipitation of CATase activity from enzyme preparations at all stages of purification. Both antisera produced single immunoprecipitin lines in double-diffusion experiments when run against the enzyme at each stage of purity. Immunoprecipitin lines cut from double-diffusion gels contained CATase activity, demonstrating that the observed reaction was due to antibody interaction with the enzyme. Immunoelectrophoresis also showed a single immunoprecipitin line against the purified enzyme as well as against a crude caudate extract. These results indicated that immunochemically pure and specific antisera have been prepared to bovine CATase and that both the A and B forms of the enzyme have common antigenic sites. The antisera were utilized to localize the enzyme in bovine brain. The localization was exclusively neuronal with both antisera, and both forms of CATase were present in the same population of neurons. Subtle differences in the precise intracellular distribution of enzyme were observed with te two antisera, indicating that although the two molecular forms of CATase have antigenic sites in common they are not antigenically identical. Choline acetyltransferase (CATase; acetyl-CoA:choline 0-acetyltransferase, EC 2.3.1.6) is the enzyme responsible for the synthesis of the important neurotransmitter acetylcholine. The enzyme activity was first measured by Nachmanson and Machado (1) in rabbit brain extract. Previous attempts to purify the enzyme in various laboratories yielded conflicting results regarding the maximal specific activity, the molecular weight, and the number of molecular forms of the pure enzyme. Furthermore, the antisera resulting from use of different preparations of CATase have led to different conclusions regarding the antigenicity of CATase, the ability of respective antisera to immunoprecipitate CATase activity quantitatively, and the relative purity and specificity of the various antisera preparations.
At present no satisfactory method is available for histological localization of the cholinergic neuron systems. Therefore, immunohistochemical localization of CATase will be a significant application of specific antiserum to this enzyme. In order to ensure accurate localization, however, it is of primary importance that the antisera used for this application meet stringent criteria of purity and specificity. CATase has been purified The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 (4) .
Electrophoresis. Electrophoresis was performed on gels with a linear acrylamide gradient from 7.5% to 20% (wt/vol) (N,N-methylenebisacrylamide, 0.2-0.1%). Gels were prerun for 24 hr in a pH 4.3 buffer (5) containing 3% ethyl alcohol and 5 mM cysteine. Proteins were applied and run toward the cathode for 28 hr at 1 mA per tube at 4°C and stained with Coomassie blue in methyl alcohol/acetic acid (6) . NaDodSO4 gels were run by the method of Weber and Osborne (6) .
Purification Procedure. Fresh beef caudate nuclei (1.7 kg) were homogenized in 1 mM EDTA/0.2 mM dithioerythritol at pH 5.5 adjusted with acetic acid. The homogenate was centrifuged for 30 min at 12,000 X g, the supernatant was discarded, and the precipitate was lyophilized. The lyophilized precipitate was extracted with cold acetone to remove lipid material and the residue was dried. The dried powder was ex- The enzyme was purified further by using affinity chromatography. The column used was a CATase inhibitor linked to Sepharose 4B by a modification of the procedure described by Husain and Mautner (8) . Our procedure used the CATase inhibitor naphthylvinylpyridine which was modified to introduce a carboxyl group at the end of a 10-carbon chain. The carboxyl group was utilized to couple the inhibitor with aminoalkyl-Sepharose by a carbodiimide-promoted condensation reaction. Chromatography over this column produced two protein peaks. The first peak contained no enzyme activity. The enzyme pool taken from the second peak contained CATase with a specific activity of 120-160 units/mg. Antisera prepared to this preparation gave a single precipitin line in double-diffusion tests against purified CATase. However, these antisera also produced faint (observable only after Coomassie blue staining of plates) precipitin lines in double-diffusion tests against some non-CATase-containing protein fractions obtained in chromatography steps during purification. These precipitin lines showed lines of nonidentity with the precipitin lines produced against purified CATase, indicating the presence of highly antigenic microcontaminants in the CATase preparation.
These microcontaminants were removed empirically by immunoadsorption of the final enzyme preparations. To accomplish this, the non-CATase-containing protein fractions shown to contain reacting antigens were used to innoculate additional rabbits. These resulting antisera were bound to Sepharose 4B by using the procedure of Cuatrecasas and Anfinsen (9) . These immunoadsorbants were used to purify the CATase further. Recovery of CATase activity was >95% although no increase in specific activity was observed. The chromatographic pattern of the enzyme on gradient gel was also unchanged and consisted of two apparently homogeneous protein bands. Individual enzyme preparations (from 1.7 kg of beef caudate) produced approximately 250 gg of pure CATase with an overall yield of enzyme activity of 6% compared to the tissue homogenate.
The two protein bands separated on gradient acrylamide gel were excised and used to innoculate different rabbits. Immunoadsorption had apparently removed the microcontaminants because the resulting antisera did not show evidence of immunoprecipitation on double-diffusion plates when run against any non-CATase-containing chromatographic fractions. These antisera are the subject of this paper.
Preparation of Antisera. Gradient gels containing 80 jig of protein were run and stained with anilinonaphthalene sulfonate (10) . The two bands, visible under ultraviolet illumination, were excised. Gel segments containing proteins (total approximately 80 ,gg) were separately extruded through a 19-gauge needle into 2 ml of complete Freund's adjuvant (Difco) and into 2 ml of sterile physiological saline to which an additional 5 mg of killed microbacteria had been added. These mixtures were homogenized and used for inoculation of New Zealand rabbits. Monthly booster injections with the same quantity of antigen were given. Serum was collected biweekly after the first booster injection.
Immunohistochemistry. Immunohistochemical localization was carried out in beef brain. Fresh tissue was fixed by immersion in 4% formaldehyde/0.1 M potassium phosphate, pH 7.4, for 7 days followed by equilibration in 15% sucrose in the same buffer. Cryostat frozen sections (10 ,um) were cut at -20'C and the direct immunofluorescence procedure was carried out as described (11) By using direct immunoprecipitation titration of CATase activity (i.e., by incubation with specific antisera only) it was also possible to achieve quantitative precipitation of enzyme activity. After centrifugation, however, no immunoprecipitates were observable and no attempt was made to recover the precipitated activity. This is not surprising because 15 X 10-3 unit would only contain 0.12 ,ug of enzyme protein. In direct titrations, approximately 4-5 times as much antisera was required to precipitate the same amount of activity as in the indirect method. This fact is consistent with the increased antibody required to form an insoluble enzyme-antibody complex. The immunotitration experiments indicated that band A and band B contained sufficient CATase to induce the production of antibodies directed against the enzyme. The antiserum to band B exhibited a higher antibody titer than did that to band A. The titer of specific antibodies was estimated, by microimmunoprecipitation in capillary tubes, to be approximately 0.5 and 0.8 mg/ml for anti-band A and anti-band B, respectively.
Because the overall yield of the enzyme preparation was only about 6%, it was important also to demonstrate that the purified CATase was immunologically representative of caudate CATase in general. After the removal of lipids by acetone extraction (the second step in purification), the yield of soluble CATase was 75% of the activity in the initial homogenate. When enzyme at this stage of purification was subjected to indirect immunoprecipitation, the quantity of the anti-band B required to precipitate an equivalent amount of enzyme activity was the same as shown in Fig. 2 (ije., 0.6 ,u1 of anti-band B for 50% precipitation). This relationship betweeen the quantity of antiserum and the amount of enzyme activity precipitated remained constant for all subsequent stages of purification, indicating that the specific activity of the CATase at the final stage of purification is representative of the enzyme that-produces 75% of the total activity in the initial homogenate.
It was possible to achieve quantitative immunoprecipitation of CATase activity from 0.2% Triton X-100 extracts of caudate, in which essentially 100% of CATase activity is solubilized, although in the presence of detergent approximately 3 times as much antiserum was required per unit of enzyme activity. This experiment indicates that all CATase present in caudate is recognizable by the antisera. Double Diffusion Experiments. Immunoprecipitin lines were first observed when antisera obtained 1 week after the second enzyme injection were run in double-diffusion plates against enzyme preparations. These lines became more intense as the antibody titer increased. A single precipitin line of immunological identity formed when either antiserum was run against the enzyme fractions obtained at various stages of purification (Fig. 3) . It was not possible to demonstrate additional immunoprecipitin lines by altering the relative concentrations of either enzyme or antisera. It thus appears that a single antibody system was present in each of the antisera. In order to be certain that the antibody system visible in double diffusion was indeed the result of CATase-anti-CATase interaction, a double-diffusion experiment was carried out in which CATase activity was measured in agar segments. CATase activity was concentrated in the agar slices that contained the immunoprecipitin lines (Fig. 4) .
The relationship between the antisera to band A and band B was investigated by running the two antisera against purified CATase (containing both A and B forms of the enzyme). The two precipitin lines joined without evidence of crossing or spurring (Fig. 5) . This test confirms the results of immunotitration of CATase activity, both experiments indicating that the two electrophoretically separable forms of the enzyme have antigenic sites in common. It should be emphasized that this does not demonstrate antigenic identity of the two forms.
The induction of minor contaminating antibody systems can be a serious problem when antigens used for inoculation are difficult to obtain in pure form. Immunohistochemical applications are especially affected because all antigens that have induced antibodies may be localized. Similarly, it is important to rule out the possibility that significant crossreactivity occurs with other proteins in the system. The presence of a single precipitin line against the CATase protein pools at different (Fig. 6 ).
DISCUSSION
Through the application of the rather complex purification procedure outlined, it was possible to obtain preparations of CATase from bovine caudate nucleus with a specific activity of 120-160 units/mg. This represents a substantially higher specific activity than has been reported for the enzyme: approximately 5-fold greater than the highest value reported for mammalian brain [20 units/mg in rat brain (12) and 30 units/mg in bovine brain (13) In terms of the ability to precipitate enzyme activity, the antisera prepared to these preparations of CATase compare favorably to other antisera available. Rossier (20) The immunohistochemical localization observed with the application of the two antisera was interesting because, although positive (or negative) reactions occurred in the same cell populations, the two antisera produced different intensities of fluorescence within different parts of the neurons exhibiting a positive reaction. The immunochemical evidence clearly indicates that both antisera contain antibodies to antigenic sites common to both forms of CATase. However, immunohistochemical localization indicates that the separate antisera also recognize sites that are not common to both A and B forms of the enzyme. These differences can only be tested immunochemically when sufficient A and B forms have been separated to permit double-diffusion tests against the individual antisera.
The fact that anti-band A reacts immunohistochemically most intensely in the cytoplasm of the perikarya and the dendrites whereas anti-band B intensely stains the terminals as well as cell bodies suggests that the two forms are not artifacts of purification but may have physiological significance.
